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There is no Moore's Law for humans. Human evolution is a slow process and society-wide human adaptation takes substantial time. For example, the size and spacing between fingers has been essentially the same for approximately a millennium. Furthermore, humans have a finite and non-increasing capacity that limits the number of concurrent activities they can perform. Human effectiveness is reduced as humans try to multiplex more activities. Frequent interruptions require a refocusing of attention. After each refocus of attention a period of time is required to reestablish the context prior to the interruption. In addition, human short-term memory can hold seven plus or minus two (that is, from five to nine) chunks of information. With this limited capacity, today's systems can overwhelm users with data, leading to information overload. The challenge to human-computer interaction design is to use advances in technology to preserve human attention and to avoid information saturation.
The objective of wearable computer design is to merge the user's information space with his or her work space. The wearable computer should offer seamless integration of information processing tools with the existing work environment. To accomplish this, the wearable system must offer functionality in a natural and unobtrusive manner, allowing the user to dedicate all of his or her attention to the task at hand with no distraction provided by the system itself. Conventional methods of interaction, including keyboard, mouse, joystick, and monitor, all require some fixed physical relationship between user and device, which can considerably reduce the efficiency of the wearable system. The most recent research on wearable computing can be found at the International Symposium of Wearable Computing Web site: iswc.gatech.edu.
A three-tiered taxonomy based upon the time rate of change of data can be used to categorize mobile applications:
• Procedures. Maintenance and plant operation applications are characterized by a large volume of information that changes slowly over time. For example, even simple aircraft will have over 100,000 manual pages associated with them. But due to operational changes and upgrades, half of these pages become obsolete every six months for even very mature aircraft. Rather than distribute CD-ROMs for each maintenance person and incur the risk of a maintenance procedure being performed using obsolete information, maintenance facilities usually maintain a centralized database to which maintenance personnel make inquiries for the relevant manual sections using demand. A typical request consists of approximately 10 pages of text and schematic drawings. Changes to the centralized information base can occur on a weekly basis.
• Work Orders. The trend is toward more customization in manufacturing. In aircraft manufacturing no two aircraft on an assembly line are identical. The aircraft may belong to different airlines or be configured for different uses. Customization extends to other industries. One leading manufacturer produces over 70,000 trucks per year, representing over 20,000 different configurations. The customer can select the transmission, the engine, and even the stereo system. In the near future trucks will be accompanied by their own documentation describing "as built," "as modified," and "as repaired." When personnel doing manufacturing or scheduled maintenance arrive for work they receive a list of job orders describing the tasks and including documentation such as text and schematic drawings. Thus, this information can be expected to change on a daily or even hourly basis.
• Collaboration. There are times, however, when an individual requires assistance from experienced personnel. Historically, this assistance has been provided by an apprenticeship program wherein a novice observes and works with an experienced worker. Today, given downsizing and productivity improvement goals, teams of people are geographically distributed yet are expected to pool their knowledge to solve immediate problems. A simple example of this is the help desk scenario, wherein an experienced person is contacted for audio and visual assistance in solving a problem. The help desk can service many people in the field simultaneously. An extension of help desks is a team of personnel such as police and firefighters who are joining together to resolve an emergency situation. Information can be expected to change on a minute-by-minute and sometimes even secondby-second basis.
When combined with ubiquitous computing, wearable computers will provide access to the right information at the right place and at the right time. Distractions are even more of a problem in mobile environments than desktop environments, since the user is often preoccupied with walking, driving, or other essential real-world interactions. A ubiquitous computing environment that minimizes distraction must be context-aware [1] . Context-aware computing describes a situation in which a mobile computer is aware of its user's state and surroundings, and modifies its behavior based on this information. A user's context can be quite rich, consisting of attributes such as physical location, physiological state (such as body temperature and heart rate), emotional state (such as angry, distraught, or calm), personal history, daily behavioral patterns, and so on. If a human assistant were given such context, he or she would make decisions in a proactive fashion, anticipating user needs. In making these decisions, the assistant would typically not disturb the user at inopportune moments except in an emergency. The goal is to enable mobile computers to play an analogous role, exploiting context information to significantly reduce demands on human attention. Combined with inferences about users' intentions, context-aware computing would allow improvement in user-perceived network and application performance and reliability.
Context-aware applications are built upon fundamental services such as spatial and temporal awareness. Spatial awareness includes the relative and absolute position and orientation of a user. Temporal awareness includes the scheduled time of public and private events.
Consider the following example. Busy individuals often do not have time to browse their calendars, check for new email, or read bulletin boards. Context-aware agents can deliver relevant information to the user when it is needed. Appointments, urgent email, and interesting events on a public calendar are shown to the user when the user is not engaged in more important tasks. These proactive agents deliver information to the user instead of the user polling the relevant sources.
Three examples of first-generation context-aware agents include:
• The Notification Agent alerts users if they are passing within a certain spatial distance to a task on their to-do list. If a user is walking near their fax machine, the agent alerts the user if they have a fax to retrieve. • The Meeting Reminder Agent alerts the user if they are moving away from the site of a meeting whose location has been changed. • The Activity Recommendation Agent recommends possible activities/meetings a user might like to attend based on their interests. For example, a student would like to be informed when free food is available. As the user walks through a building, the system identifies and notifies the student of a meeting with free food and provides the location information. 
Design Guidelines for Wearability

Attribute Comments
Identify where the computer should be placed on the body. Issues include identifying areas of similar size across a population, areas of low movement/flexibility, and areas large in surface area.
The form of the object should work with the dynamic human form to ensure a comfortable fit. Principles include inside surface concave to fit body, outside surface convex to deflect objects, tapering sides to stabilize form on body, and radiusing edges/corners to provide soft form.
Many elements make up a single human movement: mechanics of joints, shifting of flesh, and the flexing and extending of muscles and tendons beneath the skin. Allowing for freedom of movement can be accomplished in one of two ways: by designing around the more active areas of the joints or by creating spaces on the wearable form into which the body can move.
The brain perceives an aura around the body. Forms should stay within the wearer's intimate space, so that perceptually they become a part of the body. The intimate space is between zero and five inches off the body and varies with position on the body.
Wearables must be designed to fit many types of users. Allowing for size variations is achieved in two ways: static anthropometric data, which details point-to-point distances on different-sized bodies and consideration of human muscle and fat growth in three dimensions using solid rigid areas coupled with flexible areas.
Comfortable attachment of forms can be created by wrapping the form around the body, rather than using single-point fastening systems such as clips or shoulder straps.
The system much have sufficient volume to house electronics, batteries, and so forth, that, in turn, constrains the outer form.
The weight of a wearable should not hinder the body's movement or balance. The bulk of the wearable object weight should be close to the center of gravity of the human body minimizing the weight that spreads to the extremities.
Before purchasing a wearable system, walk and move with the wearable system object to test its comfort and accessibility.
Passive and active sensory interaction with the wearable should be simple and intuitive.
The body needs to breathe and is very sensitive to products that create, focus, or trap heat.
Culture and context will dictate shapes, materials, textures, and colors that perceptually fit the user and their environments. boards, human evolution has not kept pace by shrinking our fingers. There are minimal sizes beyond which objects become difficult to manipulate-the human anatomy introduces minimal and maximal dimensions that define the shape of wearable objects. The mobile context also defines dynamic interactions. Attempting to position a pointer on an icon while moving can be tedious and frustrating. Wearability is defined as the interaction between the human body and the wearable object. Dynamic wearability includes the human body in motion. Design for wearability considers the physical shape of objects and their active relationship with the human form. The effects of history and cultures, including topics such as clothing, costumes, protective wearables, and carried devices were explored in [2] , which also studied physiology and biomechanics, and the movements of modern dancers and athletes. The authors of [2] drew upon their experiences with over two-dozen generations of wearable computers representing over 100 person-years of research, codifying the results into guidelines for designing wearable systems. These results are summarized in Table 2 . By considering how the wearable product designer responded to these design guidelines in Table 2 , the buyer can make a more informed purchase.
The long-term use of wearable computers at this point in time has an unknown physiological effect on the human body. As wearable systems become increasingly useful and are used for longer periods of time, it will be important to test their effect on the wearer's body.
Conclusion and Future Challenges
Wearable computers are an attractive way to deliver a ubiquitous computing system's interface to a user, especially in non-office-building environments. The biggest challenges merging ubiquitous and wearable computing deal with fitting the computer to the human in terms of interface, cognitive model, contextual awareness, and adaptation to tasks being performed.
User Interface Models. What is the appropriate set of metaphors for providing mobile access to information (such as, what is the next "desktop" or "spreadsheet")? These metaphors typically require more than a decade to develop (the desktop metaphor began in the early 1970s at Xerox PARC; it took more than a decade before it was widely available to consumers). Extensive experimentation working with end-user applications will be required. Furthermore, there may be a set of metaphors, each tailored to a specific application or a specific information type.
Input/Output Modalities. While several modalities mimicking the input/output capabilities of the human brain have been the subject of computer science research for decades, the accuracy and ease of use (many current modalities require extensive training periods) are not yet acceptable. Inaccuracies produce user frustrations. In addition, most of these modalities require extensive computing resources that will not be available in low-weight, low-energy wearable computers. There is room for new, easy-to-use input devices such as the dial developed at Carnegie Mellon University for list-oriented applications.
Quick Interface Evaluation Methodology. Current approaches to evaluate a human-computer interface require elaborate procedures and involve scores of subjects. Such an evaluation may take months and is not appropriate for use during interface design. These evaluation techniques should especially focus on decreasing human errors and frustration.
Matched Capability with Applications. The current common belief is that technology should provide the highest performance capability. However, this capability is often unnecessary to complete an application and enhancements such as full-color graphics require substantial resources and may actually decrease ease of use by causing information overload for the user. Interface design and evaluation should focus on the most effective means for information access and resist the temptation to provide extra capabilities simply because they are available.
Context-Aware Applications. How do we develop social and cognitive models of applications? How do we integrate input from multiple sensors and map them into user social and cognitive states? How do we anticipate user needs? How do we interact with the user? These, plus many other questions, must be addressed before context-aware computing becomes possible.
